Background: Timeliness is an important and recognized measure of health care quality. Multiple health organizations worldwide have published timeliness targets for breast cancer care. We performed the first comparison of patient wait times and utilization patterns for palpable breast mass diagnosis and treatment with regard to biopsy method. Patients and Methods: Palpable breast masses in women biopsied via a fine-needle aspiration (FNA) or core biopsy at 2 affiliated academic medical centers in 2009 were analyzed if subsequently treated with excision or neoadjuvant therapy. Patient demographics, mass size and radiologic features, pathology diagnoses, and wait times to diagnosis and treatment were recorded. Results: Patients diagnosed by FNA biopsy received their biopsy diagnosis more than 8 days sooner than those diagnosed by core biopsy. Most FNA biopsies occurred the same day the patient clinically presented. Time to treatment did not differ significantly between groups. Both biopsy methods demonstrated comparable diagnostic accuracy. Breast masses diagnosed by FNA biopsy had Breast Imaging Reporting and Data System (BI-RADS) scores ranging from 1 through 5, whereas nearly all core biopsy cases had a BI-RADS score of 4 or greater. All patient groups were demographically comparable and presented with similar breast mass sizes. Conclusions: Wait times for breast biopsies were significantly shorter for patients diagnosed by FNA compared with core biopsy. FNA biopsy was often used to evaluate breast masses of low clinical suspicion. In light of health care goals for practice improvement and cost containment, breast FNA biopsy may be an underused resource.
Background
The American Cancer Society estimated that 232,670 new cases of female breast cancer would occur in 2014, with more than 1 million women undergoing breast biopsy. 1, 2 The prediagnosis period in particular is a time of acute distress regardless of the ultimate pathology diagnosis, and it begins the moment a woman is told she needs a breast biopsy. [3] [4] [5] In one study, waiting for a breast biopsy was quantifiably more anxiety-inducing than waiting for an invasive therapeutic procedure for known malignancy. 6 There is yet additional patient stress when waiting periods between health care visits are considered by the patient to be unreasonably long. 5 Longer waits for breast biopsy may also contribute to patient perception of diagnostic delay in both primary and recurrent/metastatic disease settings, particularly if the patient is the first to detect the abnormality. 7 It was not surprising, therefore, that reducing diagnostic wait times down to several hours at "one-stop" breast care clinics offering same-day fine-needle aspiration biopsy (FNAB) diagnosis produced extraordinary emotional relief for patients. 4 In addition to significant psychological distress, health care delays may cause increased morbidity from more extensive treatment and shortened survival in some patient groups, because timely diagnosis and treatment of breast cancer are accepted as important prognostic factors. 3, 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] Recognizing the negative impacts of delayed medical attention, multiple European and North American health organizations have published timeliness targets in breast cancer-related care, despite a lack of consensus on the definition of delay. [16] [17] [18] [19] To meet these timeliness goals, providers have tried modifying referral and triage algorithms, and implementing navigation systems for patients undergoing breast evaluation. Although such endeavors have reported cost-savings, success in reducing diagnostic wait times experienced by patients has been inconsistent. [20] [21] [22] [23] [24] We hypothesized that FNAB is able to provide patients their breast biopsy diagnoses in a more timely fashion than core biopsy, without compromising diagnostic accuracy. Although the American College of Surgeons and National Accreditation Program for Breast Centers considers both FNAB and core biopsy acceptable for diagnosing breast lesions, core biopsy is currently the preferred modality in the United States and other countries. 25 The advantages and limitations of each technique have been investigated extensively in the literature. However, to our knowledge, this is the first study to compare breast biopsy methods with regard to timeliness of breast cancer-related care experienced by patients, and clinical utilization patterns by physicians.
Patients and Methods
Institutional Review Board approval was obtained from Massachusetts General Hospital (MGH) and Brigham and Women's Hospital (BWH). These 2 affiliated tertiary care academic hospitals are located less than 4 miles apart in Boston, Massachusetts, and serve similar patient populations. Each independently operates a breast cancer care center with its own clinical practice patterns. Medical chart review and search of the pathology records identified women with palpable breast masses diagnosed using either image-guided core biopsy by radiologists or palpationguided FNAB by pathologists in 2009. All FNABs in this study were performed by cytopathologists trained and experienced in palpation-guided FNAB techniques. Rapid on-site evaluation of the FNAB sample was routinely performed to ensure specimen adequacy. Cases were entered into the study if the masses were treated neoadjuvantly and/ or were subsequently excised, and all breast massrelated care occurred at a single hospital. Patient demographics, breast mass size (largest dimension by imaging, or by physical examination if radiologic size unavailable), Breast Imaging Reporting and Data System (BI-RADS) category, date of clinical presentation (date mass first detected by physical examination or screening mammogram), biopsy and surgery dates, pathology report dates and diagnoses, and neoadjuvant initiation dates were recorded.
FNAB cytology diagnoses used the 1996 NIH uniform approach categories: nondiagnostic, negative for malignancy, atypical or suspicious for malignancy (indeterminate), and malignant. 26 For comparison of diagnostic accuracy, histologic diagnoses were also assigned to benign, indeterminate, or malignant categories. Statistical analysis used Microsoft Excel 2007 single factor ANOVA and t tests. Statistical significance was defined as a P value less than 0.05.
Results

Patient Characteristics
At MGH, pathologists sampled 254 palpable breast lesions using FNABs; 50 were included in the study ("MGH-FNAB" cases). Radiologists core biopsied 937 lesions, of which 121 were entered into the study ("MGH-CB" cases). At BWH, only 3 pathologist-performed breast FNABs occurred; this patient group was not analyzed further because of low numbers. There were 1,346 breast core biopsies, 95 of which met study inclusion criteria ("BWH-CB" cases).
The constituent patients in the 3 groups were demographically similar (Table 1) . Breast masses were similar in size overall, including average malignant tumor sizes in excision specimens: MGH-FNAB, 2.4 cm; MGH-CB, 2.3 cm; and BWH-CB, 2.1 cm (P=.67). However, radiologically, MGH-FNAB cases ranged from BI-RADS 1 through 5, whereas MGH-CB and BWH-CB cases were predominantly BI-RADS 4 and 5 ( 
Diagnostic Accuracy
Core biopsy and excision specimens showed a wide range of histologic findings. Benign diagnoses included fibrous tissue/scar, fibrocystic change, mastitis, keratin cyst, bacterial infection, pseudoangiomatous stromal hyperplasia, fat necrosis, lipoma, fibroadenoma, hamartoma, radial scar in an excision specimen, and papilloma. Indeterminate lesions encompassed radial scar in a core biopsy, atypical papillary lesion, flat epithelial atypia (FEA), atypical ductal hyperplasia, atypical lobular hyperplasia/lobular carcinoma in situ (ALH/LCIS), fibromatosis, unclassified fibroepithelial lesion, and nonmalignant Phyllodes tumors. Malignant cases contained ductal carcinoma in situ (DCIS) with and without associated invasive breast carcinoma (IBC).
Fifty MGH-FNAB cases were included in the study, of which 34 (68%) were directly excised after initial biopsy. Pathology diagnosis was concordant between biopsy and excision for 24 cases, with minor discrepancies in 10 ( Figure 1 ). Benign FNAB diagnoses in this group were excised due to concern for diagnostic discordance (n=6); change in physical examination, such as enlargement, hardening, and increased prominence of the mass (n=2); treatment (1 keratin cyst, 1 persistent infection); patient preference (n=2); and cosmesis (n=2). Sixteen (32%) MGH-FNAB cases underwent a second biopsy before excision: 15 by core biopsy and 1 by FNAB ( Figure 2 ). Benign FNAB diagnoses in this subset (n=4) were rebiopsied for possible diagnostic discordance (n=2) and interval enlargement of the mass (n=2). Concordance for benign and malignant FNAB and excision diagnoses (n=34) was 91.2%. United Kingdom National Health Service Breast Screening Programme (UK NHS BSP) cytology performance standards were met or exceeded by the MGH-FNAB group, except for a mildly elevated "suspicious for malignancy" rate (Table 3) . 27 Overall diagnostic concordance in MGH-CB cases was 87.6%, with minor diagnostic discrepancies in 17 cases. A total of 105 masses were directly excised after biopsy ( Figure 3 ). Benign biopsy diagnoses were excised for possible nonconcordance or surgeon desire for more definitive diagnosis (n=6), treatment (n=1), mass enlargement (n=1), and patient preference (n=5). Sixteen biopsies containing IBC were treated neoadjuvantly. Postneoadjuvant excisions showed residual IBC (n=6) and complete pathologic response (n=2). Eight patients with widely metastatic disease did not undergo surgery on completion of neoadjuvant therapy. In 2 instances, the excision "upgraded" the core biopsy diagnosis from DCIS to IBC. UK NHS BSP analysis demon- strated that MGH-CB was more sensitive but less specific than MGH-FNAB (Table 3) . Of the 95 BWH-CB-sampled masses, 81 were directly followed by direct excision (Figure 4) . Excision of the benign core biopsy diagnoses was prompted by concern for radiologic-pathologic discordance (n=5), patient preference (n=4), and treatment of infection (n=1). One mass initially benign by core biopsy was resampled 7 months later for new mammographic findings; the repeat core showed FEA, which was also present in the subsequent excision. The remaining 13 core biopsy cases received neoadjuvant therapy: 12 biopsies with IBC and 1 containing friable high grade carcinoma without definitive invasion. After completing neoadjuvant therapy, excision showed pathologic complete response (n=2), residual IBC (n=9), and residual DCIS (n=1). Image-detected metastases at presentation precluded one patient who received neoadjuvant therapy from undergoing surgery. Overall diagnostic concordance for BWH-CB cases was 87.4%. One excision "upgraded" the core biopsy diagnosis of friable DCIS to IBC. Similar to MGH-CB, BWH-CB also showed higher sensitivity but lower specificity than MGH-FNAB (Table 3) .
There were no false-negative or false-positive cancer diagnoses with either FNAB or core biopsy in any patient group.
Wait Times
MGH-FNAB patients experienced significantly shorter wait times for their first biopsy diagnosis than both core biopsy groups (P<.0001). On average, FNAB diagnoses were available to patients 8 days after clinical presentation. In contrast, MGH-CB patients waited 21 days and BWH-CB patients waited 16 days. Thirty-eight MGH-FNAB lesions (76%) were biopsied the same day the patient presented for medical care, compared with just 12 (10%) MGH-CB lesions and 9 (9.5%) BWH-CB masses. Within 10 days of presentation, 48 (96%) MGH-FNAB masses were biopsied, compared with 61 (50.4%) MGH-CB masses, and 60 (63.2%) BWH-CB masses. For masses that were ultimately benign by excision, MGH-FNAB patients received their first biopsy diagnoses 7 days after presentation on average, compared with 28 days for MGH-CB patients and 23 days for BWH-CB patients. MGH-FNAB patients with malignant tumors tended to receive their initial biopsy diagnoses sooner than both core biopsy groups: 9 days after presentation, compared with 20 and 15 days for MGH-CB and BWH-CB patients, respectively (P=.10). Pathology diagnosis turnaround times were similar for FNAB and core biopsy specimens, averaging 3 to 4 days. Overall treatment wait times were also similar for all groups: 76 days for MGH-FNAB, 69 days for MGH-CB, and 63 days for BWH-CB lesions. Within the MGH-FNAB group, patients whose lesions were directly excised (n=34) waited 78 days for treatment, whereas those who underwent repeat biopsy (n=16) waited 71 days (P>.5). Time to treatment was similar for malignant cases. In cases where biopsy pathology results were indeterminate for malignancy, MGH-FNAB patients tended to receive excision sooner than either core biopsy group: 37 days after presentation compared with 65 days for MGH-CB and 71 days for BWH-CB (P=.095).
Discussion
Our study of patient wait times and use patterns for diagnosis of palpable breast masses showed that patients referred to pathologists for FNAB received their biopsy procedure and diagnoses 8 to 12 days sooner than patients evaluated by radiologists using image-guided core biopsy (P<.0001). Most patients who underwent FNAB had the biopsy performed the same day of their clinical presentation. A similar statistically significant wait-time difference was observed for the subset with benign breast lesions. Patients with malignant tumors who underwent FNAB tended to receive their biopsy diagnoses sooner than those receiving core biopsy. Surprisingly, wait times for treatment were not significantly different between groups. Notably, undergoing a FNAB and excision diagnoses concordant (n=24):
FNAB and excision diagnoses with minor discrepancies (n=10):
FNAB Diagnosis
Excision Diagnosis repeat core biopsy after initial breast FNAB did not delay treatment wait times. However, patients who underwent FNAB who had indeterminate biopsy pathology results tended to receive timelier breast mass excision than their core biopsy counterparts in both hospitals. Our retrospective analysis did not obtain direct feedback from patients regarding their breast care experiences. However, previously published data have demonstrated that waiting for a breast biopsy procedure and pathology results generates significant patient anxiety and stress, and that availability of rapid FNAB diagnoses is able to provide substantial emotional relief to patients. 4 In our clinical practice, the cytopathologists often follow-up with patients who undergo breast FNAB by telephone 1 to 2 days CB and excision diagnoses concordant (n=90):
CB and excision diagnoses with minor discrepancies (n=15):
Excision Diagnosis after their biopsy procedure to inquire about their general condition and address any concerns. Direct quotes from a few of our patients who were informed of their preliminary breast FNAB pathology findings include: "It was comforting to be given preliminary results right on the spot," "I slept a little better last night because I know the results of the biopsy," and "It was wonderful to get my results right away so I didn't have to go home and worry." During the study period, MGH clinicians appeared to rely equally on core biopsy (n=305) and FNAB (n=257) for palpable breast mass diagnosis. In contrast, image-guided core biopsy was almost exclusively used at BWH, where women were rarely referred for FNAB despite availability of a similar cytopathologist-run FNAB service. Clinician choice of biopsy method did not appear to depend on patient age, social demographics, or cancer history, as these factors were similar in all 3 study groups. Notably, 30% of palpable breast masses sampled by MGH-FNAB were BI-RADS 1 or 2, whereas both core biopsy groups were composed mostly of BI-RADS 4 or 5 lesions (P<.00001). This suggests greater preference for FNAB when clinical and/or radiologic findings supported a benign process. Among core biopsy cases, lesions of low clinical suspicion (BI-RADS ≤3) were rare in our study; such lesions may have been followed clinically or were not excised subsequent to a core biopsy. Concern for diagnostic discordance in benign biopsies prompted additional tissue sampling at very similar rates in the 3 groups: MGH-FNAB, 44%; MGH-CB, 46%; and BWH-CB, 50%. This suggests an equivalent level of "trust" in FNAB and core biopsy for pathology diagnosis, and that diagnosis by CB did not reduce the frequency of subsequent breast surgery in this cohort.
Similar to several other previously published studies, we found MGH-FNAB to be highly accurate and comparable to MGH-CB and BWH-CB for diagnosis. [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Although core biopsy at both institutions demonstrated greater sensitivity for malignancy, MGH-FNAB was more specific. No false-positive or false-negative diagnoses occurred with either biopsy method. Of the 12 masses categorized as indeterminate by FNAB, 3 were diagnosed as suspicious by FNAB and all contained IBC on excision. The remaining 9 were atypical by FNAB; 3 of these contained carcinoma by excision (2 IBC, 1 DCIS adjacent to a papilloma). With the exception of a mildly elevated suspicious (C4) rate, all UK NHS BSP cytology performance standards were met or exceeded.
In most instances where benign FNAB and core biopsy diagnoses were "upgraded" to indeterminate on excision, the excision showed FEA and ALH/ LCIS, which are both typically non-mass-forming and likely incidental discoveries. In 4 of 6 samples that were initially diagnosed as atypical on FNAB and were benign on follow-up excision, the cytologic preparations showed only mild nuclear atypia involving a few ductal cell groups. Repeat biopsy of malignant FNAB cases was likely performed to confirm the carcinoma to be invasive, for receptor testing, and/or for clinical trial research purposes. All 16 (100%) malignant MGH-FNAB cases contained IBC. This was not surprising because invasive disease is highly probable in the setting of a palpable mass with malignant FNAB diagnosis, approaching 98% likelihood in one analysis. 39 Heavy reliance on breast imaging to decide whether biopsy is appropriate should be cautioned against. Once a breast abnormality is detected, biopsy should be performed to avoid diagnostic delay. 40 An illustrative case from this study involved a 46-year-old woman with BI-RADS 2 "densities, likely cysts," which ultimately proved to be IBC. In addition, there were many BI-RADS 4 lesions sampled by core biopsy that ultimately did not contain malignancy on excision: 29 (49%) MGH-CB masses and 19 (33%) BWH-CB masses. These cases underscore the well-known variability of the prevalence of malignancy in the BI-RADS 4 category. 41 FNAB would be able to exclude carcinoma in many palpable BI-RADS 4 cases. Consequently, FNAB is suitable for any patient with a breast mass. This includes patients with palpable breast lesions of both low and high clinical suspicion for malignancy. FNAB is not suitable for patients with calcifications that are not associated with a mass lesion or any other type of lesion that does not present as a mass. Most indolent breast lesions such as in situ carcinomas, atypical epithelial hyperplasias, and FEA rarely if ever present as mass lesions and would not be referred for FNAB. 39 The paths to breast biopsy traveled by women are nonuniform and can be convoluted. Our study design eliminated the element of patients seeking care for their breast masses at other hospitals. However, we recognize that even if patients remained at one institution, the timeliness of their breast care could still depend on many factors, some of which may be difficult to quantify. These include clinician level of concern for malignancy; availability of physicians qualified to perform breast biopsy procedures; availability of surgeons, operating rooms, and related resources; patient cooperation and availability; patient or physician preference for breast biopsy method; reliance on FNAB rapid diagnoses to triage and expedite management; and the frequent need for multidisciplinary discussions before starting breast cancer treatment. These factors may also influence the breast biopsy type that is chosen for a patient. It is also possible that the timeliness of breast care received by patients would be affected if breast FNAB and CB were performed by the clinicians who first palpated patients' breast lesions, without having referred patients to another medical specialist. Although this study was not able to draw any definitive conclusions regarding factors that influenced the wait times experienced by patients, we hypothesize that because 76% of patients who underwent FNAB had the biopsy performed the same day they clinically presented, the availability of FNAB pathologists likely played a significant role in reducing diagnostic wait times. However, it is less clear why treatment wait times were similar between all groups. One possibility is that because many patients who underwent FNAB had breast lesions characterized as BI-RADS 3 or less, there was less clinical urgency for surgical excision.
Breast FNAB has been previously demonstrated to be more cost-effective than breast core biopsy, and our study shows similar results. 36, 42 According to 2015 published Medicare reimbursement rates, palpation-based breast FNAB would cost $151.24 (code 10021), which compares very favorably with $656.53 for an image-guided breast core biopsy (code 19083). In applying the 2015 figures to this study, the FNAB patient group incurred $17,561.19 for all biopsy procedures (34 patients undergoing FNAB only, and 16 undergoing a combination of FNAB and core biopsy). If all 50 FNAB patients had received imageguided core biopsy, the cost would have been $32,826.50 for the group. This represents a savings of $15,265.31 by using breast palpation-based FNAB first instead of core biopsy, and shows that diagnosis by breast FNAB remains cost-effective even if repeat core biopsy is required in a subset of patients. The cost savings would still be significant ($12,120.02) if cytopathologists had instead performed ultrasoundguided FNAB (codes 10022 and 76942) instead of palpation-based FNAB. Ultrasound-guided FNAB by cytopathologists has been shown to lower nondiagnostic rates and improve diagnostic accuracy and efficiency, and is increasingly becoming part of the cytopathologist's repertoire. [43] [44] [45] [46] [47] The issue of possibly needing a repeat core biopsy is also relevant in the context of patients with breast cancer expected to undergo neoadjuvant chemotherapy. Concern has been raised that FNAB samples may be insufficient for breast cancer biomarker testing, and that core biopsy would still ultimately be required. However, multiple studies have repeatedly shown that FNAB samples provide reliable biomarker information, with high concordance rates (>90%) for estrogen receptor (ER), progesterone receptor (PR), and HER2 results when compared with subsequent excision specimens. [48] [49] [50] [51] [52] [53] In addition, the ASCO/College of American Pathologists guideline recommendations accept FNAB as a source of breast cancer biomarker information, further supporting FNAB use for this clinical purpose. 54, 55 In the MGH-FNAB group, 6 of 7 malignant FNAB patient samples tested for ER, PR, and HER2 were entirely concordant with the results derived from the subsequent excisions. Consequently, breast core biopsies would not be absolutely required in neoadjuvant cases if malignant FNAB samples were routinely tested for biomarkers.
To our knowledge, this is the first study to characterize clinical use patterns and evaluate patient wait times with regard to biopsy method for palpable breast mass diagnosis. Based on our findings, breast FNAB performed by experienced pathologists has considerable potential for reducing diagnostic delay without compromising diagnostic accuracy. With its demonstrated cost-effectiveness, reliability for breast cancer receptor testing, safety, and virtual lack of contraindications, FNAB is a powerful and currently underused tool for palpable breast mass diagnosis. 26, 52, [56] [57] [58] [59] [60] [61] [62] Most palpable breast lesions can be accurately diagnosed by FNAB. Repeat core biopsy would be expected in a subset of patients. However, despite some patients receiving second breast biopsies in our study, their treatment wait times were not longer, and the overall cost-effectiveness of breast FNAB remained unequivocal. More liberal use of breast FNAB and training of FNAB cytopathologists in ultrasound-guided biopsy techniques should be encouraged. Teaching radiologists how to perform rapid evaluation of FNAB samples can also be considered.
